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BACKGROUND
Paracetamol is one of the most commonly used Over-The-Counter (OTC) analgesics in the self-treatment of acute mild to moderate pain [2] . Paracetamol is a non-opioid, centrally acting analgesic, available in a wide range of OTC preparations, at different doses and in a variety of formulations and combinations. Paracetamol is typically made available at two doses: 325mg and 500mg formulations, with the usual oral dose for adults being 0.5g to 1g every four to six hours up to a maximum of 4g daily [3] [4] [5] .
A systematic review of patients' views has shown that pain sufferers want to achieve either a substantial reduction in their pain intensity of 50% or more, or to achieve a low pain state, with no worse than mild pain [6] . They also want substantial improvement in the impaired quality of life, fatigue and distress that are generally associated with being in pain [6] . Choosing an effective analgesic is essential to achieving adequate pain relief for the immediate symptoms of acute pain. Further, it has been shown that reducing pain has wider benefits. For example, a recent study in migraineurs showed more than a doubling in risk of new-onset chronic migraine over one year in patients who self-reported poor treatment efficacy compared to those who achieved maximum efficacy from their treatment (odds ratio 2.55) [7] . Good efficacy and rapid onset of pain relief can also reduce the risk of excessive dosing with an analgesic [8] .
At recommended doses, paracetamol has been shown to be clinically effective in relieving mild to moderate pain due to a wide range of common causes, including tension-type headache [9] , migraine [10] , pain after oral surgery (such as simple tooth extraction, periodontal surgery and surgical removal of third molars), and pain after tonsillectomy [4] . The balance of paracetamol's efficacy and tolerability means that it is recommended as a first-line choice in evidencebased guidelines for several conditions causing mild to moderate pain, such as the recommendation for tension-type headache use in the British Association for the Study of Headache (BASH) guidelines [11] . Guidelines from the German, Austrian and Swiss Headache Societies and the German Society of Neurology recommend paracetamol as a first-line option for self-medication of migraine attacks and the fixed-dose combination of paracetamol, aspirin and caffeine and the combination of paracetamol and caffeine as first-line therapies for tension-type headache [12] .
Osteoarthritis Research Society International (OARSI) guidelines recommend the use of paracetamol (up to 4 g/day) as an effective initial oral analgesic for the treatment of mild to moderate pain in patients with knee or hip osteoarthritis [13] . For osteoarthritis of the hand, the European League Against Rheumatism (EULAR) guidelines recommend paracetamol (up to 4g/day) as the oral analgesic of the first choice because of its efficacy and safety [14] .
However, there are concerns that in some countries, such as Germany, a large proportion of adults take doses of non-prescription paracetamol that are lower than recommended to achieve adequate relief of pain. A recent survey of 2000 adults aged 18 to 75 years who purchased an oral analgesic from a pharmacy in Germany over the previous six months showed that 91% of people thought they were taking the correct dosage to treat headache. However, the majority (71% of users) used a single 500mg paracetamol tablet [15] .
Recent sales figures for non-prescription paracetamol for pain relief in adults showed wide variations between different countries in the formulation strength purchased Table 1 . More than three-quarters (76%) of OTC paracetamol purchased in France and more than half (59%) in Spain was at the 1000mg unit dose, compared to only 3% in Germany, where the vast majority of sales (97%) were for the 500mg unit dose [16] .
Does the widespread use of lower dose paracetamol in some countries potentially reduce the pain relief that people experience? Studies in experimental models of human pain and common consumer experience have shown a clear doseresponse for the analgesic effect with paracetamol [17 -20] , however, there has been a limited analysis of the clinical efficacy of different doses of paracetamol in the 'real life' clinical management of mild to moderate acute pain. 
METHODOLOGY
We carried out a focused review of published research studies comparing high dose (1000 mg) paracetamol with lower doses (500 mg or 650 mg) in acute pain and reporting on the efficacy of analgesia to answer the research question: what is the clinical efficacy of 1000 mg paracetamol compared to lower doses (500 mg, 650 mg) for the treatment of pain ( Fig. 1 ) Search terms used in the electronic PubMed literature review were: Paracetamol OR acetaminophen or Panadol or Tylenol AND efficacy OR safety AND analgesic OR analgesia OR pain Analgesic OR analgesia OR pain Efficacy OR safety Paracetamol OR acetaminophen OR Panadol OR Tylenol Humans Systematic reviews and meta-analyses of randomised trials provide the highest level of research evidence for an intervention so we focused primarily on these before looking briefly at single trials to gain a broader view of the efficacy of pain relief achieved with paracetamol. First, we looked at systematic reviews and meta-analyses of trials making direct comparisons of two or more different doses of paracetamol in the same study. Second, we considered (1 review including 12 trials) (4 reviews including 79 trials) (6 reviews including 6 trials) systematic reviews comparing different doses of paracetamol indirectly by including trials that each assessed the analgesic efficacy of only one dose of paracetamol. Third, we reviewed randomised trials not included in previous systematic reviews that compared two different doses of paracetamol directly within each trial. Data from modified release formulations of paracetamol were not included. Of the trials ultimately included in this review, none utilised effervescent paracetamol formulations.
RESULTS

Trials Directly Comparing Higher Single Dose with Lower Single Dose Paracetamol
A large systematic review of randomised, double-blind trials directly comparing different doses of paracetamol in the management of acute mild to moderate pain published in 2006 found that a higher dose of paracetamol (1000mg) was statistically superior to lower dose paracetamol (500mg) in analgesic effect [19] .
The study authors searched the published literature systematically for randomised, double-blind clinical trials comparing at least two doses of paracetamol with placebo or an active comparator in pain including a minimum of 10 patients in each treatment group. They carried out two levels of analysis: first taking a broad approach to which trials they included, looking at trials reporting results on pain intensity or pain relief over a four to six hour period and second including only those trials carried out in patients with initial pain that was at least moderate in intensity and that included at least 10 patients in each treatment arm.
The meta-analysis identified nine study citations of 12 trials directly comparing more than one dose of paracetamol in single-dose studies. Results showed that for the nine studies comparing 500mg with 1000mg doses of paracetamol, eight showed greater efficacy on a numerical basis with the higher dose. In addition, nine of the 12 studies overall demonstrated numerically greater analgesic efficacy with the higher dose of paracetamol [19] .
Results from the second level of analysis, including seven studies in pain of at least moderate intensity, showed that pain relief of at least 50% occurred more frequently with higher dose paracetamol (1000mg) than with lower dose (500mg). Nearly two-thirds (64%) of patients achieved analgesia of this magnitude compared to just over half (52%) with the lower dose, based on the pooled data. The relative benefit with higher dose (1000mg) paracetamol compared to lower dose (500mg) was 1.2 (95% CI 1.1, 1.4). The number needed to treat (NNT) for one additional patient to obtain pain relief of at least 50% at the higher dose of paracetamol compared to the lower dose was 9 (95% CI 6, 20) . In the same analysis, the NNT for aspirin (500, 600 mg vs 1000, 1200mg) was 16 (95% CI 8, >100) and for ibuprofen (200 mg vs 400mg) the NNT was 10 (95% CI 6, 23) [19] .
The review authors suggested that the practical implication of their findings was that a higher dose of paracetamol delivers adequate analgesia for more patients than a lower dose, where this is a safe option [19] .
Single Dose Paracetamol Studies
A recent Cochrane review included an assessment of trials that included single oral doses of paracetamol for treating acute painful conditions in adults as part of a broader review of OTC analgesics. A dose-response effect was less clear [20] . However, it has been suggested that dose-response may be more successfully assessed using trials directly comparing two doses [21] , as evidenced in a recent review [19] .
The Cochrane overview found that the success rate for analgesia was greater with higher dose paracetamol (975/1000mg) at 34% than with lower doses (600/650mg) at 26%, but an even higher success rate was seen with a 500mg dose (43%) [20] . The success rate was calculated as the proportion of study participants achieving good pain relief with analgesic minus the proportion gaining good relief with placebo, and expressing this as a percentage of the maximum possible success rate for the analgesic (i.e. 100 minus the response rate with placebo). Further findings showed that the NNT for at least 50% maximum pain relief over four to six hours was lower for higher dose (975/1000mg) paracetamol at 3.6 (95% confidence interval 3.2 to 4.1) than for lower dose (600/650mg) paracetamol, where the NNT was 4.6 (3.9 to 5.5). The NNT was lower (3.5) for 500mg paracetamol (2.7 to 4.8) [20] .
Similar findings, with no clear dose-response relationship for NNT after low and high doses of paracetamol, came from a Cochrane review of single dose paracetamol trials in postoperative pain [22] , while a review of data by the US Food and Drug Administration (FDA) [23, 24] gave an NNT of 3.7 for 1000mg paracetamol and 5.4 for lower doses of 600/650mg paracetamol. A Cochrane review of randomised trials of paracetamol in acute treatment of frequent episodic tension-type headache in adults showed greater pain relief with higher dose paracetamol. The NNT with paracetamol 1000mg was 10 (7.9 to 14) for being pain-free or mild pain at two hours after taking treatment compared with placebo [25] . Limited data showed that the efficacy of paracetamol 500mg to 650mg was not superior to placebo [25] .
A closer look at individual Trials Comparing Different Doses of Paracetamol
The next level of evidence is single double-blind randomised trials. Many studies have evaluated the effectiveness of paracetamol at doses of either 1000mg or lower doses such as 650mg or 500mg but relatively few have compared the two doses within the same trial. In this section, we will take a closer look at randomised trials, not included in previous reviews, which have compared higher dose with lower dose paracetamol in the same study.
Two single-dose randomised studies comparing different doses of a Fast-Dissolving Paracetamol (FD-APAP) tablet in postsurgical dental pain showed that patients taking higher dose paracetamol (1000mg) had significantly better pain relief over the five hours after the dose compared to those randomised to lower doses of either 500mg or 650mg [8] (Fig. 2) . Higher dose paracetamol achieved significantly superior pain relief (p<0.05), faster onset and longer duration of pain relief compared with 500mg or 650mg doses. Onset of confirmed first perceptible pain relief occurred at 15 minutes after taking the 1000mg dose, which was 32% shorter than with the 500mg dose (22 minutes; p=0.047) [8] . Mean duration of pain relief was approximately five-six hours with the 1000mg dose compared to two-three hours with 500mg [8] .
Further, a study in post-surgical dental pain showed that paracetamol 1000mg provided clinically meaningful and statistically greater efficacy compared with paracetamol 650mg and placebo [26] . This study in post-surgical dental pain was considered, together with the two systematic reviews [19] [20] mentioned previously, by the Canadian Agency for Drugs and Technologies in Health in a recent report looking at single-dose trials comparing 1000mg oral paracetamol with 600/650mg oral paracetamol in adults experiencing pain [5] . The Agency concluded that the findings were consistent with evidence reviewed by the US FDA, showing that 1000mg single dose paracetamol was more effective than 650mg single dose in various pain conditions [23, 24] . The authors of the Canadian Agency report noted that the FDA report had encouraged the use of the lowest effective dose and suggested reducing the maximum single dose from 1000mg to 650mg, but they pointed out that the rationale for this recommendation was not provided. They added that comparative studies on the currently recommended maximum daily dose (4g) and long-term use of paracetamol are needed [5] . Fig. (2) . Mean pain intensity difference from 15 minutes to six hours for patients undergoing surgical removal of impacted molar [8] .
Key: * FD-APAP 1000mg vs 500mg p<0.05; ** FD-APAP 1000mg vs 500mg p=0.01; *** FD-APAP 1000mg vs 500mg p<0.009; *** FD-APAP 1000mg vs placebo p<0.008
(reprinted with permission from Elsevier HS Journals Inc)
Safety of Higher Dose vs Lower Dose Paracetamol for Short-term Acute Pain Management
Together with efficacy in achieving pain relief, safety is an essential factor to consider in the use of self-medication with non-prescription analgesics. Safety concerns previously reported with paracetamol have generally occurred in people with specific risk factors or have been associated with high-dose and long-duration treatment and exceeding the recommended maximum daily dose [27 -30] .
The previously mentioned Cochrane review of non-prescription oral analgesics for acute pain reported safety data for paracetamol 975/1000mg and for paracetamol 600/650mg [20] . The data showed that the risk of having adverse events was similar between the two doses of paracetamol: 18% of patients taking paracetamol 975/1000mg had at least one adverse event (headache, nausea or dizziness) compared to 16% of those taking 600/650mg [20] . These high rates are sequalae of the dental surgical model used in the studies reviewed by Cochrane. When treatment-related adverse events are compared for higher single dose paracetamol (1000mg), lower single dose paracetamol (650mg) and placebo in the treatment of postsurgical dental pain, low rates are seen with events reported by 0.8% and 1.2% of patients, for high and low doses respectively [26] . There were no clinically important differences among the different treatment groups. No serious adverse events were reported and no patients discontinued the study due to an adverse event [26] .
Hepatotoxicity is a well-established consequence of paracetamol overdose. However, the risk of clinically significant hepatotoxicity at therapeutic doses of paracetamol is very low in patients [31, 32] . A recent review tried to identify specific phenotypes and genotypes in patients, such as age, body weight, genetic information or diet, that could make them particularly susceptible to paracetamol hepatotoxicity [33] . The authors concluded that there is no group of patients that represents a higher risk of paracetamol-induced hepatotoxicity [33] . In addition, a recent article reported possible impacts on the infants following paracetamol use during pregnancy [34] .
Although not yet conclusive, these data suggest, in our view, as with all medicines in pregnancy, care should be taken and as a precaution, paracetamol should not be used without medical advice during pregnancy.
DISCUSSION
This focused narrative review of available systematic reviews, meta-analyses and single randomised controlled trials showed that higher single dose paracetamol (1000mg) generally achieves more effective pain relief than low single dose paracetamol (500mg or 650mg). The greater pain relief was most clearly shown in studies directly comparing the two doses of paracetamol. The rate of adverse events was similar in studies comparing higher dose with lower dose paracetamol.
The findings suggest that health professionals, both physicians and pharmacists, could recommend a higher dose of paracetamol (1000mg) for acute pain in adult patients, for a short duration of time (4-5 days), either immediately or if the patient has previously taken a lower dose (500mg/650mg) that has proven to be ineffective, providing they do not have risk factors for adverse events with paracetamol. If patients do not gain sufficient pain relief with higher dose paracetamol, they could be advised to try a different analgesic drug.
Several studies report adverse or toxic effects of paracetamol, we mention above the risk of hepatoxicity and recommend caution in subjects at risk of adverse effects or in special situations.
CONCLUSION
These findings have important implications for health professionals advising patients on the optimal dose of nonprescription immediate-release paracetamol to achieve effective pain relief. Although paracetamol should always be used in accordance with its label, with special regard to the recommendations for patients at risk for side-effects and during pregnancy, higher dose paracetamol can be used (immediately or in a dose escalation strategy), for a short duration of time, to achieve more effective analgesia than lower dose paracetamol for adults with acute, mild to moderate pain and no increased risk of side-effects. However, as noted by Moore et al. [35] we must keep in mind that just because a higher dose of a particular analgesic achieves more effective pain relief in a larger proportion of people than a lower dose, that does not necessarily apply to everyone because of individual variations. It is important to tailor analgesics to the needs and experience of the individual.
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